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Abstract 
Fabrication of nanorods (NRs) composed of a cationic Au(I) complex was demonstrated by means of the solution-injection 
method.  A colloidal solution of the NRs showed brilliant bluish green photoluminescence with a quantum yield as high as 58%.  
The NRs were found to be 100–400 nm in width and 3–5 Pm in length by transmission electron microscopy observations.  
Pattern formation of the NRs was achieved successfully after a selective electrophoretic deposition onto an indium tin oxide 
coated glass substrate, which maintains a relatively high luminescence quantum yield.   
© 2010 Published by Elsevier B.V. 
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1. Introduction   
Recently, considerable interest has been focused on molecular-based luminescent materials due to their potential 
application for the light emitting devices[1–5].  Because of relatively high efficiency of exciton generation upon the 
charge injection in the light emitting devices, intense phosphorescent materials have been studied extensively [6,7].  
Various coordination compounds having transition and rare metal ions such as Ir(III), Ru(II), Pt(II), Eu(III), and 
Sm(III) have thus been attracting much attention[8–10].  While Au(I) complexes usually show no visible 
photoemission, some of dinuclear Au(I) complexes have been studied as a phosphorescent complex.  They emit 
phosphorescence light based on the specific Au–Au interaction, so called as aurophilic interaction[11,12].  Since 
their emission energy depends markedly on the distance between the Au(I) ions, their emission color can be tuned 
by designing their structures [13,14].  Most of them so far reported have, however, relatively low phosphorescence 
quantum yield, since the excited state could be readily quenched with the vibrational motion of Au(I) ions with a 
large vibration-exciton coupling in solution[15,16].  We have recently reported one-dimensional (1-D) alignment of 
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a cationic Au(I) complex in crystals with different counter anions.  These crystals exhibit tunable emission color
depending on the size of anions[17], which revealed relatively high emission quantum yields between 73% to 99%.
A rigid network-like structure in the crystal lattice composed of intermolecular hydrogen bondings and S-S stacking
interactions was regarded as an origin of their high quantum yields.  Since the highly emissive nature of the Au(I)
complex is specific only for their crystal samples possessing the 1-D Au(I) alignment, the complex has been difficult
to be used as a phosphorescent material.
We report herein a fabrication of highly luminescent nanorods (NRs) composed of the Au(I) complex with two
planar carbene ligands and a CF3SO3
– anion, which exhibit a bluish green emission with a relatively high quantum
yield.  Formation of a bright luminescence patterning of the Au(I) NRs is also performed by means of the
electrophoretic deposition[18].
2. Experimental
2.1. Apparatus
The stationary absorption and the photoluminescence spectra of a colloidal solution of Au(I)-CF3SO3
– NRs in n-
hexane were measured on an absorption spectrophotometer (JASCO, V-660) and a spectrofluorometer (JASCO, F-
6500), respectively. Photoluminescence quantum yields of the Au(I)-CF3SO3
– NRs in a colloidal solution and of 
their film deposited on the indium tin oxide (ITO) electrode were determined by the spectrofluorometer with an 
integrating sphere (JASCO, ILF-533).  The Au(I)-CF3SO3
– NRs were characterized by transmission electron
microscopy (JEOL, JEM-3100FEF) with the bright-field observation, the energy dispersive X-ray spectroscopy and
the electron-diffraction measurement.  Field emission scanning electron microscopy (JEOL, JSM-7400F) was 
employed to examine the morphology of the Au(I)-CF3SO3
– NRs on the  ITO electrode.
2.2. Electrophoretic deposition
Pattern formation with the Au(I)-CF3SO3
– NRs by the electrophoretic deposition was carried out by applying dc
voltage of 100 V between ITO electrodes (100 mm × 20 mm × 1.0 mm, 10 :/cm2)  for one minute.  The ITO coated
glass substrate was carefully cleaned by ultrasonication in acetone before use.  Evaluation of an emission quantum
yield and a scanning electron microscopic analysis for the Au(I)-CF3SO3
– NRs layer formed on the ITO coated glass
substrate was performed after rinsing the sample with n-hexane for several times.
3. Results and discussion
The Au(I) complex, Au(I)-CF3SO3
– (Figure 1a) was synthesized as described in the previous report[17].  In a
typical procedure for preparation of Au(I)-CF3SO3
– NRs (Figure 1b), 0.20 ml of a solution of Au(I)-CF3SO3
– in
dichloromethane (1.0 mM) was rapidly injected into 20 ml of n-hexane under vigorous stirring, and ultrasonication
was carried out for five minutes, leading to a colorless mostly transparent colloidal solution [19,20] as shown in
Figure 2a. The Au(I)-CF3SO3
– NRs were stably dispersed in the solution phase containing no surfactant.
Precipitation was not observed during the spectroscopic measurements. An absorption spectrum of the colloidal
Figure 1. Schematic illustrations of (a) a molecular structure of Au(I)-CF3SO3
– complex and (b) the
nanocrystallization of Au(I)-CF3SO3
– complex by the reprecipitation method.
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solution presented in Figure 2b shows a characteristic absorption band at 397 nm, which is assigned to a transition
between a filled valence band composed of 5dz2V* states and a conduction band composed of 6pzV states derived
from the aurophilic interaction. A notable diffusion tail in the absorption band was observed over almost whole
wavelength range, which suggests dimension of colloidal particles as large as optical wavelength. Under UV light
illumination, as shown in Figure 2a, the solution showed a characteristic bluish green photoluminescence, and its 
emission peak was observed at 514 nm in wavelength as shown in Figure 2c. The excitation peak wavelength
roughly agreed with the absorption peak wavelength.  The emission spectrum was similar to that of the bulk crystal 
of Au(I)-CF3SO3
– complex[21].  This coincidence between the emission bands of the colloidal particles and the bulk
crystal indicated that the colloidal particles have a similar crystal structure with that of the bulk crystal with the
same Au(I)–Au(I) distance. On the other hand, the emission quantum yield of the colloidal solution was evaluated
to be 58% in n-hexane.  Although this value was rather smaller than that of the single crystal of the Au(I)-CF3SO3
–
complex, 98%[21], it is still notably high among various luminescent materials based on the organic nanoparticle.
Figure 2. (a) Photographs of the n-hexane solution of Au(I)-CF3SO3
– NRs.  The left and right images were
obtained under normal light and UV (365 nm) irradiation, respectively. (b) UV-visible spectrum of
the coloidal solution of Au(I)-CF3SO3
– NRs.  (c) Emission and excitation spectra of the n-hexane
solution of Au(I)-CF3SO3
– NRs.
In order to evaluate morphology and dimension of the colloidal particles, transmission electron microscopy
(TEM) observation was performed.  As shown in Figure 3a, the Au(I)-CF3SO3
– colloidal particles have rod-like
structure with a width of 100–400 nm and a length of 3–5 Pm.  An elemental analysis of a selected Au(I)-CF3SO3–
particle was performed with the energy dispersive X-ray spectroscopy, and 2-D distribution images of Au and S
atoms are presented in Figures 3b–3d, respectively.  Au and S atoms were distributed in the same area which is 
observed as the rod-like dark area in a bright-field image of Figure 3b. The particles observed in the TEM
measurement were thus composed of the Au(I)-CF3SO3
– complex. A selected-area electron diffraction pattern, as
presented in the inset of Figure 3a, showed characteristic diffraction spots which are attributable to the crystal
structure of the bulk crystal of Au(I)-CF3SO3
– complex[22].  These results indicate that the colloidal solution should
contain Au(I)-CF3SO3
– NRs with a same crystal structure of the bulk crystal.
Since the bulk crystal of the Au(I)-CF3SO3
– complex showed no solubility in n-hexane, the rapid dispersion of
dichloromethane solution into n-hexane seemed to result in a colloidal solution of Au(I)-CF3SO3
– NRs.  The
Figure 3. (a) TEM image of Au(I)-CF3SO3
– NRs.  The inset shows the electron diffraction pattern for Au(I)-
CF3SO3
– NRs with the main spots indexed.  (b) TEM image of a selected Au(I)-CF3SO3
– NR and the
energy dispersive spectroscopic analyses with elemental mappings for (c) Au and (d) S atoms,
respectively.
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dichloromethane solution of Au(I)-CF3SO3
– complex showed neither the absorption nor the emission at the visible 
range, and the observed optical feature is characteristic for the structure with the specific aurophilic interaction.  In 
cases of usual nanoparticles composed of organic molecules, complexes and inorganic semiconductors, optically 
generated excitons are supposed to migrate readily and be depressed by the trapping at the defect sites and / or by 
the exciton recombination at their surface.  Therefore their emission quantum yield is usually suppressed.  In the 
case of Au(I)-CF3SO3
– NRs, however, the quantum yield was maintained over 50%.  As one of origins of the 
relatively high emission quantum yield, the exciton would be efficiently confined because of the characteristic 
excited-state dimerization in the Au(I) 1-D system[23].   
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Because of the relatively high stability of Au(I)-CF3SO3
– NRs without any surfactant, the NRs were considered to 
have a relatively high ]-potential and excess charge. Expecting their large excess surface charge, an electrophoretic
deposition of the NRs was studied.  The electrophoretic deposition was carried out by using a patterned ITO
electrode as schematically illustrated in Figure 4a.  After application of dc voltage between the ITO electrodes for
one minute, Au(I)-CF3SO3
– NRs were efficiently deposited onto the positively biased ITO electrode. As shown in
Figure 4b, area-selective deposition onto the ITO electrode was successfully accomplished.  The obtained electrode
was transparent and almost colorless, which showed a highly intense luminescence under UV light irradiation.  Field
emission scanning electron microscopy (SEM) analysis provided morphology of the deposited Au(I)-CF3SO3
– NRs 
as shown in Figure 4c. No morphological deformation of Au(I)-CF3SO3
– NRs was found after the electrophoretic
deposition. A photoluminescence quantum yield of the NRs being on the ITO electrode was evaluated to be 34%.
Generally, condensed nanoparticles of various materials tend to exhibit suppressed emission efficiency in
comparison with those of dispersed ones. This quenching might usually originate from the inter-particle energy
migration and / or the electron transfer at the interface. In the present NRs, the quenching effect in the condensed
system seems to be less significant.  This observation may be explained again by the efficient confinement of 
excitons in the NRs because of the characteristic excited-state dimerization in the Au(I) 1-D system.  That is, the
dimension of the present NRs might be successfully controlled to be similar or little larger than the exciton
migration length but enough small for providing the stably dispersed and quasi-transparent colloidal solution.
Figure 4. Electrophoretic deposition of Au(I)-CF3SO3
– NRs: (a) Schematic representation of the electrophoretic
deposition. (b) Photographs of the patterned ITO coasted glass substrate (20 mm × 20 mm) after the
electrophoretic deposition. The upper and lower images were obtained under normal light and UV
(365 nm) irradiation, respectively.  (c) SEM image of Au(I)-CF3SO3
– NRs deposited onto ITO coated
glass substrate after the electrophoretic deposition.
4. Conclusions
In conclusion, we successfully demonstrated the fabrication of Au(I)-CF3SO3
– NRs.  The prepared NRs have rod-
like structure with the width of 100–400 nm and the length of 3–5 Pm.  The colloidal solution of Au(I)-CF3SO3–
NRs showed brilliant bluish green phosphorescence with a quantum yield as high as 58% in n-hexane.  The
electrophoretic deposition of the NRs was also successfully performed to produce the characteristic luminescent
pattern on the ITO coated glass substrate with the relatively high photoluminescence quantum yield of 34%.
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